Here we provide a molecular description of a new psychrophilic strain, KCh11, of marine luminescent bacteria classified as Aliivibrio logei. We sequenced the entire lux operon of A. logei KCh1 and showed that it is substantially similar to the lux operon of Aliivibrio salmonicida. It was demonstrated that the reduced production of bioluminescence in A. salmonicida is most likely defined by a specific defect in its luxD gene.
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Marine luminescent Aliivibrio logei bacteria were initially isolated and characterized in 1978 as a species within the Vibrio genus (now named Aliivibrio) (2, 10) . The multigenic analysis revealed substantial similarities between Aliivibrio logei and Aliivibrio salmonicida (1) . Both A. logei and A. salmonicida are psychrophiles.
Importantly, A. logei behaves like typical luminescent bacteria, while A. salmonicida does not emit light unless aliphatic aldehyde is added to the culture (6) . A. salmonicida strains have a unique arrangement of the luxR-luxI quorumsensing genes: it contains two copies of the luxR gene, and the luxR2 gene is transcribed in antisense orientation to the structural genes comprising the lux operon (luxCDABEG). It was proposed that antisense transcription of luxR2 may be responsible for the reduced bioluminescence in A. salmonicida (9) .
Here we report the results of multigenic analysis of A. logei KCh1 (Kamchatka isolate) and the sequence of its lux operon, which is almost completely identical to the sequence of the lux operon of A. salmonicida. We show that the reduced production of bioluminescence of A. salmonicida is most likely defined by a specific defect in luxD rather than the antisense orientation of luxR2 that is a feature of both fully luminescent and minimally luminescent Aliivibrio species.
A. logei strain KCh1 was isolated from the intestine of goby fish Myoxocephalus polyacanthocephalus (Okhotsk Sea, Kamchatka). The luminescent marine bacteria were grown at 15°C on SWT medium containing the following (all ingredients shown as percentages [ An 11-kb fragment containing the entire lux operon of A. logei KCh1 was amplified using specific primers, primers luxlongd (5Ј-GCAGCCTTGTTTTATTTGTGCGTCATTT TTCGG-3Ј) and luxIlongr (5Ј-GTTCAAAAGTGTATTGC CCAGAGCAAACGGA-3Ј), and chromosome DNA of A. logei KCh1 as a template. The resulting fragment was cloned into A/T vector pTZ57R (Fermentas MBI) to form plasmid pSV20 bearing the lux operon.
The comparison of the sequences of lux genes in A. logei KCh1 (complete lux operon locus [GenBank accession no. HQ450520]) and in A. salmonicida showed that they are identical, while both of these sequences were substantially different from orthologous sequences of A. fischeri. In both A. logei KCh1 and A. salmonicida, the luxI gene is located within the luxR2-luxI sequence downstream of luxG, while in A. fischeri, luxI is located upstream of luxC (Fig. 1) .
Interestingly, nucleotide sequence differences between A. logei KCh1 luxR2-luxI and A. fischeri luxR-luxI do not seem to influence the efficiency of lux operon induction by autoinducer (AI). Graphs showing the intensities of the bioluminescence of Escherichia coli cells containing plasmid pVFR1 (vector pDEW201 with luxR and the adjacent regulatory lux box and promoter P R from the lux operon of A. fischeri inserted in front of the cassette with reporter luxCDABE genes from Photorhabdus luminescens [8, 11] ) and A. logei pSV16 (pSV16 is similar to pVFR1 but its luxR2, lux box, and P R are derived from the lux operon of A. logei KCh1) are shown in Fig. 2 . These intensities were measured at different concentrations of exogenous AI.
As can be seen in Fig. 3 , an intergenic spacer between the luxC and luxD genes of A. salmonicida contains a 11-bp deletion that includes A and T nucleotides of the protein synthesis initiating codon ATG of the luxD gene. This deletion results in 47-amino-acid (aa) N-terminal end truncation of LuxD protein that becomes initiated from the next available downstream ATG codon instead (GenBank accession no. AF452135). In fully luminescent strain A. logei KCh1, the luxC-luxD region remains intact. We hypothesize that the difference between these two Aliivibrio species depends on the A. salmonicida-specific defect in the luxD gene.
FIG. 1. Organization of bacterial lux genes in A. logei KCh1 (AL), A. salmonicida (AS), and A. fischeri (AF).
The luxA and luxB genes encode ␣-and ␤-subunits of the luciferase, and the luxC, luxD, and luxE genes encode subunits of the reductase. luxR encodes LuxR, an activator of lux operon transcription, and luxI encodes LuxI synthase, which produces autoinducer (AI). The sequences of both the Ϫ10 box and the lux box in A. fischeri and A. logei are practically identical, thus allowing us to pinpoint the location of the P R promoter in A. logei.
FIG. 2. Changes in the maximal intensity of the bioluminescence in E. coli TG-1 cells that contain plasmids pVFR1 and pSV16 at different concentrations of N-3-oxyhexanoyl-L-homoserine lactone (AI)
. The cells were cultured overnight, the medium was replaced with fresh medium, and the cells were grown to an optical density at 600 nm of 0.01 and then grown in aerated LB with ampicillin (100 g/ml) at 28°C until mid-exponential phase (OD 600 of 0.4 to 0.5). For each experiment, luciferase and LuxR were inactivated by incubating the cells for 30 min at 42°C supplied with AI at various concentrations and continued in a culture with no mixing at 22°C. After 1 h of incubation, the bioluminescence of the cells was measured in relative light units (RLU). VOL. 193, 2011 NOTES 3999 To test this hypothesis, we compared activities of LuxD proteins of A. salmonicida and A. logei KCh1 expressed from the lac promoter of the pUC19 vector in E. coli harboring plasmid pF6 (pACYC184 vector with luxABE genes of A. fischeri under the control of the lac promoter [12] ). E. coli(pF6) cells cotransformed with plasmid pSV18 (pTZ57 vector with the luxCD genes of A. logei KCh1 under the control of the lac promoter) demonstrate high levels of bioluminescence in the absence of n-decanal, while in E. coli transformed with plasmid pSV19 (pTZ57 vector with the luxCD genes of A. salmonicida under the control of the lac promoter), E. coli bioluminescence requires addition of this aliphatic aldehyde (Fig. 4) . Therefore, we conclude that LuxD protein of A. logei KCh1 is active, while LuxD of A. salmonicida is either inactive or minimally active.
Phenotypically, A. logei closely resembles A. fischeri. However, A. logei demonstrates clearly psychrophilic properties that make this species distinct. Another psychrophilic bacteria, A. salmonicida, attracts attention as an important pathogen of Atlantic salmon, a game fish also grown in aquaculture (3) (4) (5) . It was demonstrated that the addition of aliphatic aldehyde n-decanal to the A. salmonicida growth medium results in marked bioluminescence (6) . Here we show that the lux operons of A. salmonicida and A. logei KCh1 are practically identical except for some single-nucleotide substitutions and one 11-bp deletion present in A. salmonicida.
Given that an analysis of lux operons and a multigenic analysis produced similar results, one may conclude that A. turn, is responsible for lower than necessary levels of LuxE protein critical for tetradecanal production (9). In our opinion, this phenomenon indeed takes place as evident from the fact that after exposure to n-decanal, naturally bioluminescent A. logei KCh1 emits increased amounts of light (5-to 7-fold) (data not shown). However, it seems that low levels of LuxE cannot explain the lack of natural bioluminescence of A. salmonicida. According to the results of comparative analysis of lux operons and our experiments with plasmids containing lux genes, this property of A. salmonicida should be attributed to a defect in the luxD gene.
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